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1. INTRODUCTION

& FRERE. 4

The ecencizucilion of tuo pevionds for Wilke-Agsp rooket £lights are now
compiete @nd the instrumsntsotion ls beling given fimal zeaiing and callbra-
tion. The first payload will be fired from Wallopa Island, Virginie, om
Jeoe 2, 1960.

Part of the purpose of this erperiment fonsists in comparing (ke per-
fornmaues of two slectrodes lecamted om the surfoce of the payiosd scsotisn.
he two leeaticong chogen for the clectrode awve the 1ip of the eaovical noze
seciion (nosz electrods) end & dise Fflush with the sursface of the cylindci-

fy

eal ecction of the porlosd (8ide cleetvede}. |[Yhese pesiticns have been

3

indicated im Figure ! of Progress Roport Ro. E.} it ie folt that tha'ncse
elestrode wilil bs 1less subjee: to disturbances arising from the rocket It~
sell particulsrly at altitudes below IGO0 ke 2nd prevides the possibiliey of
deteeting shock-wave ionizstion when gncond ctage Tocket repches a Seximum

Preh Purber ¢f 7.5 2t burnout. Taz side 22
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howaver, wili be mere
zensitive to reockel attitude and zheould show a modviaztion of the signal

coinciding witk the spin of the rocket.

2. THE KOSE ELECTRODE

The nose eleecizode prescats the greater design problem, 7The normal
practiece with this type of sensing clement has been to providz a protcetive
cover whieh ig jettiooned at soue pre~dotermimed height, usually not leags

than 50 k. This was felt to bz undesirable in the present csse es it
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added %o the complexity of the instrumentatican snd excluded the possibility
of obtaining wxeasurenents in the lower atuwosrhere,

The configuration adopted for the nose clectrode (and for thet mztter
the side electrode) maintains the original external shepe of the payload.
The nose electrede is s right cizcular cone of half angle 5° 3¢ and 10 in.
high made of stainless steel. This piece weighs na2erly 3 pounds end is to
be insulsted from the body of the rockei by at least 105 obms. An early dew
sign of the method of supporting ond insulating the electrode is shown in
Figure 1 and the £inal desizn in Figure 2.

The ingulstor, in the form of & truncated cone 2 in, high, i3 made of
an impervious ceraaic (99.9 percent pure alumina). Three grooves 1/16 in.
wide x 1/8 in. deep increase the leakege patk. In the criginal design,
Figure 1, the ceramic is bonded to stainlecss steel, the central rod being
merely to provide electrical contact with the electrode, This design is
mechanically unsatisfactory, however, dus to the relatively low strength
of ceramic when subject to tension. The design which was finally adopted
does not uge any bond end the ceramic is always under compression, never
tensgfion.

In the fingl design, Figure 2, the sssecably is held together by a large
bolt which is seen in the center of the diasgram. This bolt is first clamped
to the rear stainless steel piece, from which it is insulated by two fiber-
glass washers. The upper fiberglass washer aleo eatablishes the asxial posi-

tion of the cerexie insulator. Copper shima, 0.005 in. thick, are placed

o

2twesn ceramic and stecl and £inally the conicel electrode is zerswed inte

position. The weight of the whole assembly is 5 pounda, The surface area
2

of the nose zlectrode is 196 cm which is about 1/100 of the total surface

erea of the Asp vehicle (wotor and payload).
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3, TIE SIDE ELECTRODE

The dssign of the cide electrode presentz lesg difficulty due to the
less stringent environmental conditions, particularly that of Scmperature.
The electrode itself is a stainless steel éisz 2 inm. dismeter 2md 1/16 in.
thick which i{s rolled to match the curvature of the wehicle (6.5 im. outw
side diamater). This is locates in zn cparture in the side of the rocket
wizh an insulator £4lling the gop, 1/4 in. wide, detween 2he electrode
and the rocket skin. In order to conserTe gpace within the payloasd sec-
tion and to provide o gcod pressure seal, it was decided that the 2lectrode
essembly would be made s permanent part of the payload skin. The consiruc-
tios of the rocket is such that no part of the side elcctrcde gcssembly
must project more than 3/16 in. inside the skin. Two possidble uethods of
conatruction were tried and both developed successfully; one uses an epoxy
casting resin (Smerson aad Cummings, Stycest 2762) while the other uses
Teflon. The latter has been chosen for the first rocket. The casting
recin iz molded in place being znehored to the zkin and to the electrode
by a seriea of knurled nuts ewbedded in the compound. Physically the
wateriol ia very satisfactory but from a practical point of view has the
disedvantage of requiring to be molded in vacuum (to eliminate air bubbles)
and a subsequent cure at elevated temporature. Both operations require
special equipment ond are felt to detract frow the flexibility of the
method. The other method, using teflon, ie more essily sdapted to cther

wehicles should the oppertunity erise for "hitch-hiking."
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4. FUTURE WORX

A propesal has been cubmitted for continuation of the present progrem
of rocket flights, Three specific experimental investigations are sug-

gested:

{(8) WHeagsurement of the photoelectric emission from the rocket sur-
face as a function of height, with particular refercnce to the eflect of

this current on the interpretation of Langmuir probe cbsarvations.

{b) A study of the electron density distribution duriang occurrence
oi a polar blackout and its relation to soft auroral radiation, by simul-

taneous use of Lengmuir probe and thin-welled Geiger counters,

(e) Measurement of electrical conduetivity in the altitude region
30-90 km by a double probe method of conductivity measurewent. The theory
of the method hes recently been developed end an outlins is given in the

fellowing section.
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5. ZUUBLY PROBS HRATUNRMENT OF

LT s 341

The rocke: carcying o eleciron probs 18, in gonersi, not at the sgee
rozontisl ge the olzeme in which It
“Ileoating double probe” methed of measurerent, dovelspsd by Johigon nd
dMalter for the Loagmuir probe,

a2uis,

volar genduetivitias ¢ end o, . A potentinl V¥ iz spolizd batwesn the el

tredes (the polarity being suelk that the swpall ¢ positive with

ta the large electrode) znd & curvent I obeerved to £low betwzen

them. 7 and ¥ ave the two quentities messvred sxperimentalliy.
The gcurrent of negative fons {including any =sleetrons) into Sy must
equel the ecwrvent of positive ions into S,. An eguiiibriuem condition is

a potantial ¥,, both

«f

wegsured with respeet o the plasma potential; V,; being positive sad P

3
&)
B3]
2

By & theorem in clectrestatics, if on elastrode {ef arbitrsry shipe)
having & capacity T is iumersed in & mediwwm of conductivity o , then, in

the ghzence of spase charge (elscirods

o

divided by current into the electrode) ia given by

thio way e ezziiy verified for the cese of & sphevissl elsctrzode.

o~ B T — M 4 b4 -~ o ” A.M
s Imzmerged, This leads Lo the sooozl

effeet), the tesistance R {potentis

xd derived below £or conductivity measures
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uging equation 1.8 and .9
ment of conductiviiy

%R g ey .
DUETSER:

2aee8 are of partieular in

(2) When ¢, and o are roproximately egual {as when

laxge), then, acesuming Gy > €; . the slopes of the

L)
- = % 145 Tl “
( ¥/, o (1.3}

and 1) - srae, )

i E g £X.2%3

Thuz the posfitive nd nmgative noler conduaticicies Bay bu weasured separately
and only C; meed be Lnown accursiely.

wueh gresgter then o, (a8 vdan A is enall), the equetions

b} When o_ is

become, approximateiy,

In this ecase, for sither polariiy, ihe current is determinsd by the positiwc

poler conductivity end the negative condueiivity 18 net megsurved.

It will be noted that the siope for nogative voltages is ithe game wheiher
ithe negative component of the plasma consiszte of negative ions or cleetrons

(or both), Thus the value of pozitiwve pelar conductivity may be experimentnlly

determined without anr Xknowledge of )\ for the pizgne.
X
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It Is possible that the comnnsition of the plasma may

ering the ratic (I/WM, / {i/7)_

i, % =1
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For {a) {uo cicerrons):
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Whevens for (b} {(no negative icas):
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& a {known} congstant
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pectesd, however, thet in practiice this will bo true only for suffielently
amall curvents. For lorger survents the formation of spate chaegs st the
elecivodoe will veduce the sBleps. The chavacteristics will thus Laooome

curved as theough twrards a mgaturetion eurzent though not reechiug one. 4&xn

sualyeis of such s elcctrods effent by M. J. Theozmpsen izads 0 & velation
o ths form
e
v = 41 ¢« 33

whiech i8 linear for smail I but porabsife for lavge I.

Another lmportant f£actor to be considurvad ia the effent of photeemission

'

tnown with certainty, but in the O-fegion iz probebly sbouy 2 = 107 n par
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1 el » e s mem e s I e *a ! :
I, (froem the negative sigelivede) cen 4aslil focovporsted in the




theory given avove, The result is thet the current-iolisge chacarteriesic
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L8 mou Droken wavs $we Linear parks cercasponding o 1 J
B 4 %

(—;f = &‘!-T{115"~

again, these relstions wust bte modiffed tu inssrperate tho sleetrsde =ffect
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The apalysies hes been presconied sbovo
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separated but electricelly conneoted.  This

copwanient for recket lazunch

the D-region whave stmospheric drag iz cuonsiderebls it iz proposad 2o use
the double-probe conductivity wethoed with the slectrode arvangouent alrzady

developed for the Langemuir probe amperimeat. Ir thia the major pert of the
payload section and rocket moter casing fomm the larger electrode while ghe

zzall eleetrodz ig siternately ciihe

I3
;
4
&3
[
b
g
(o
i
& 4
1 2]
)
o
o
¥
Y
n
4]
o1
s
v
iy
iz
&
v
&
s
wAt
§.
3
e
Y

rocket skin or the top 25 um of thz nose cone. In this avrangesent the
aerodynsnie shape of the rocket is presesved and s relatively simpic con-
siruction evolived.

This gecmetrical srremgesent wokes for cuvmplication in determining the

cppropriate vaiuves of capacity to be substituted in equations (1.2 and

{1.9). & rough value can be obiained by essigning g cheracteriztic length
o each electrode, an average radiva. For more sccurate work, 2 calibration

experiment nust be performed by inserting the reeket in o wind tunnel or by

uging & wodel in an electrolytic tank. Initielly, howaver, the validity of

o

udying the vavrigtion with helight af

‘-b

zhe Technique can e tested by ¢

-

LI/ slopeg for positive and negstive voltages. This oxperizent con eon-
renieatly be cowbined with a la ir prove cxperiment,
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FIGURES

Figure 1. HMethod of insulating noze electrode (originmal design).

Figure 2. Method of irsulating nose electrode (finsl design).

Pigure 3. Double-probe conductivity measurement.

Figure 4. Effect of photoelectric emission on current-voltage

charscteriaties.
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METHOD OF INSULATING NOSE ELECTRODE (ORIGINAL DESIGN) .

CERAMIC-METAL BOND —
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METROD OF INSULATING NOSE ELECTRODE (FINAL DESIGN)
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Effect of photoemission on I -V plot




